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Re mar ks/Ar gu me n ts : 

Claims 2-3, 7-8, 28, 37, 45, 47, 59, 61, 81-82, and 85-92 are canceled without 
prejudice. Claims 1, 6, 26-27, 35-36, 44, 46, 58, and 60 are amended. More 
specifically, claims 1, 6, 26, 35, 44, and 58 are amended by incorporating the 
limitations from claims 81, 82, 86, 88, 90, and 92, respectively. Claim 27 is 
amended by incorporating the limitations from claims 26, 28, and 85-86. Claim 36 
is amended by incorporating the limitations from claims 35, 37, and 87-88. Claim 
46 is amended by incorporating the limitations from claims 44, 47, and 89-90. 
Claim 60 is amended by incorporating the limitations from claims 58, 61, and 91-92. 
Claims 35 and 58 are also amended to correct minor typographical errors. No new 
matter is introduced. 

Claims 1, 6, 12-13, 26-27, 35-36, 44, 46, 52-53, 58, 60, and 74 are pending in 
the application. Reexamination and reconsideration of the application, as amended, 
are respectfully requested. 

CLAIM OBJECTIONS 

Claims 35-37, 58-61, 87-88, and 91-92 are objected to because claims 35 and 
58 recite "interferon, alpha-2b " Applicants have deleted the extra comma in this 
term. 

Claim 58 is further objected to because it recites "a round melanoma 
biochemotherapy." Applicants have replaced the term with "a round of melanoma 
biochemotherapy." 

In light of the foregoing, Applicants respectfully submit that the objections 
are overcome and should be withdrawn. 

CLAIM REJECTIONS UNDER 35 USC 3 112. SECOND PARAGRAPH 
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Claims 27-28, 36-37, 46-47, 60-61, and 87-92 are rejected as being indefinite 
for reciting inconsistent terms in independent claims and their dependent claims. 

Applicants have amended claims 27, 36, 46, and 60 such that they no longer 
depend from claims 26, 35, 44, and 58, respectively. Claims 28, 37, 47, 61, and 87- 
92 have been canceled without prejudice. 

In light of the foregoing, Applicants respectfully submit that the rejections 
are overcome and should be withdrawn. 

CLAIM REJECTION UNDER 35 USC S 102(b) 

Claim 26 is rejected as being anticipated by Soengas et al. (2001) Nature 
409:207-211 ("Soengas"). Applicants respectfully traverse. 

Claim 26 is directed to a method of monitoring melanoma progression. The 
method comprises providing a melanoma tissue sample or a blood sample 
containing DNA from a human subject suffering from melanoma and analyzing 
DNA markers comprising D12S1657, D12S393, D12S1706, and D12S346 on the 
DNA. The loss of heterozygosity of any of D12S1657, D12S393, D12S1706. and 
D12S346 indicates the progression of melanoma in the subject. 

As presented in Applicants' previous responses to Office Actions, Soengas 
compares the expression of APAF-1 in metastatic and primary melanoma samples 
(page 207, right column, line 14 - page 208, left column, line 2). However, Soengas 
fails to show that the expression of APAF-1 necessarily correlates with LOH of 
D12S1657, D12S393, D12S1706, or D12S346 in metastatic and primary melanoma 
(see, e.g., Soengas, page 207, right column, Figures lb and lc, samples 6, 11, and 
16; Figure 3 of the present specification, patients 30-32). 

Further, Soengas speculated without any evidence that loss of APAF-1 may 
be associated with disease progression (page 207, right column, line 20 - page 208, 
left column, line 4). However, as the Examiner pointed out in the Advisory Action 

Page 8 of 15 

\\\LA - 089212/000017 - 433515 vl 



Application Serial No 10/801,956 Attorney Docket No. 89212.0017 

Amdt. Dated May 20, 2009 Customer No.: 26021 

Reply to final Office Action Dated November 20, 2008, Advisory Action dated March' 
13, 2009, Notice of Non-Compliant Amendment dated March 13, 2009, and Advisory 
Action dated April 30, 2009 

dated April 30, 2009, claim 26 involves LOH of D12S1657, D12S393, D12S1706, or 
D12S346, not loss of APAF-1. In addition, in Soengas, the APAF-1 gene was 
mapped to a position between D12S1657 and D12S393. As pointed out at page 28, 
line 27 - page 29, line 6 of the present specification, the correct location of the 
APAF-1 gene is between D12S1706 and D12S346. Consequently, if one skilled in 
the art relies on the value of LOH of APAF-1 as determined in Soengas to predict 
the progression of melanoma, the prediction would not be correct. 

Therefore, Soengas cannot anticipate claim 26, because it fails to teach the 
association of LOH of D12S1657, D12S393, D12S1706, or D12S346 with melanoma 
progression. Applicants thus respectfully request that the rejection be withdrawn. 

CLAIM REJECTIONS UNDER 35 USC S 103 

(1) Claims 1-3, 6-8, 12-13, 74, and 81-82 are rejected as being 
unpatentable over Soengas in view of U.S. Patent No. 6,156,504 to Gocke et al. 
("Gocke"). Applicants respectfully traverse. 

Among the rejected claims, claims 1 and 6 are independent claims. Claims 1 
and 6 involve detecting or analyzing one or more DNA markers selected from the 
group consisting of D12S1657, D12S393, D12S1706, and D12S346 on DNA existing 
as acellular DNA in a human subject. As presented in Applicants' previous 
responses to Office Actions, Soengas analyzes D12S1657, D12S393, D12S1706, and 
D12S346 on cellular DNA from melanoma samples. Gocke discloses the detection of 
extracellular tumor-associated nucleic acid in blood plasma or serum in general, but 
does not suggest at all the detection of D12S1657, D12S393, D12S1706, or D12S346 
on acellular DNA. Since neither Soengas nor Gocke indicates the presence of 
D12S1657, D12S393, D12S1706, or D12S346 on acellular DNA, the two references, 
either alone or in combination, do not even add up to the claimed invention. 
Further, one skilled in the art would not have reasonably expected that D12S1657, 
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D12S393, D12S1706, or D12S346, or LOH of D12S1657, D12S393, D12S1706, or 
D12S346, could be detected on acellular DNA, because the presence of microsatellite 
markers or LOH of such markers is not necessarily identical or consistent in tumor 
cells and as acellular DNA. See, e.g., Fujiwara et al. (1999) Cancer Research 
59:1567-1571 (a copy of which is attached hereto as Exhibit A), page 1569, right 
column, Table 2, patients 1, 3, 6, 8-10, 14-17, 19-20, 23, and 30-31. 

Therefore, claims 1 and 6 (as well as claims 12-13 and 74 dependent from 
claim 1 or 6) are non-obvious over Soengas and Gocke, because the two references, 
either alone or in combination, fail to teach each and every limitation of the claims 
and provide no reasonable expectation of success. Claims 2-3, 7-8, and 81-82 have 
been canceled without prejudice. Withdrawal of the rejections is thus respectfully 
requested. 

(2) Claims 35 and 58-59 are rejected as being unpatentable over Soengas 
in view of OT)ay et al. (1999) Journal of Clinical Oncology 17:2752-2761 ("O'Day"). 
Applicants respectfully traverse. 

Claim 35 is directed to a method of predicting the efficacy of a melanoma 
biochemotherapy. The method comprises providing a melanoma tissue sample or a 
blood sample containing DNA from a human subject suffering from stage IV 
melanoma prior to administration of a biochemotherapy and analyzing DNA 
markers comprising D12S1657, D12S393, D12S1706, and D12S346 on the DNA. 
The biochemotherapy comprises dacarbazine, cisplatin, vinblastin, interferon alpha- 
2b, IL-2, and tamoxifen. The loss of heterozygosity of any of D12S1657, D12S393, 
D12S1706, and D12S346 indicates poor efficacy of the biochemotherapy in the 
subject. 

Claim 58 is directed to a method of determining the probability of 
responsiveness to a round of melanoma biochemotherapy. The method comprises 
providing a melanoma tissue sample or a blood sample containing DNA from a 
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human subject suffering from stage IV melanoma prior to administration of 
biochemotherapy and analyzing DNA markers comprising D12S1657, D12S393, 
D12S1706, and D12S346 on the DNA. The biochemotherapy comprises 
dacarbazine, ci'splatin, vinblastin, interferon alpha-2b, IL-2, and tamoxifen. The 
loss of heterozygosity of any of D12S1657, D12S393, D12S1706, and D12S346 
indicates a low probability of responsiveness to the biochemotherapy in the subject. 

As presented in Applicants' previous responses to Office Actions, claims 35 
and 58 relate to the association of LOH of D12S1657. D12S393, D12S170& or 
D12S346 with poor efficacy of a melanoma biochemotherapy or a low probability of 
responsiveness to the biochemotherapy in a human subject . In contrast, Soengas 
discloses that APAF-1 negative melanoma cell lines are resistant to ADR, a 
chemotherapeutic agent (page 209, left column, lines 8-10). 

APAF-1 negative cells are cells expressing little APAF-1 (Soengas, page 208, 
left column, line 10). As discussed above, the expression of APAF-1 does not 
necessarily correlate with LOH of D12S1657, D12S393, D12SI706, or D12S346. 
Further, it is well known in the art that in vitro experiments do not necessarily 
reflect the conditions in vivo . See, e.g., Walter and Miller's textbook of 
radiotherapy: radiation physics, therapy, and oncology, by C. K. Bomford, I. H. 
Kunkler, Joseph Walter, and H. Miller, edition: 6, illustrated, published by Elsevier 
Health Sciences, 2003, page 611, right column, lines 11-20 (a copy of which is 
attached hereto as Exhibit B). As such, Soengas cannot render obvious claim 35 or 
58, because it fails to teach the association of LOH of D12S1657, D12S393, 
D12S1706, or D12S346 with poor efficacy of a melanoma biochemotherapy or a low 
probability of responsiveness to the biochemotherapy in a human subject. 

O'Day cannot cure the defect of Soengas, and was not relied on by the 
Examiner for such. Instead, O'Day was relied on by the Examiner for teaching a 
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biochemotherapy comprising dacarbazine, cisplatin, vinblastin, interferon alpha-2b, 
IL-2, and tamoxifen. 

Therefore, claims 35 and 58 are non-obvious over the cited art at least for 
lack of reasonable expectation of success. Claim 59 has been canceled without 
prejudice. Withdrawal of the rejections is thus respectfully requested. 

(3) Claims 44-45 are rejected as being unpatentable over Soengas in view 
of Taback et al. (2001) Cancer Research 61:5723-5726 ("Taback"). Applicants 
respectfully traverse. 

Claim 44 is directed to a method of determining the probability of survival. 
The method comprises providing a melanoma tissue sample or a blood sample 
containing DNA from a human subject suffering from a stage III or IV melanoma 
and analyzing DNA markers comprising D12S1657, D12S393, D12S1706, and 
D12S346 on the DNA. The loss of heterozygosity of any of D12S1657, D12S393, 
D12S1706, and D12S346 indicates that the subject has a low probability of 
surviving melanoma. 

Soengas discloses the inactivation of APAF-1 in metastatic melanoma (page 
207, left column, Abstract). It suggests nothing about the association of LOH of 
D12S1657. D12S393. D12S1706. or D12S346 with a low probability of surviving 
melanoma. As such, Soengas cannot render claim 44 obvious. In this connection, 
Applicants point out that, as discussed about, Soengas does not suggest the 
association of LOH of D12S1657, D12S393, D12S1706, or D12S346 with melanoma 
progression or resistance to melanoma biochemotherapy in a human subject. 

Taback cannot cure the defect of Soengas, and was not relied on by the 
Examiner for such. Instead, Taback was relied on by the Examiner for teaching the 
association of LOH of some microsatellite markers in stages III and IV melanoma 
with a decreased probability of survival. However, the microsatellite markers 
tested in Taback are not D12S1657, D12S393, D12S1706, or D12S346. 
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Therefore, claim 44 is non-obvious over Soengas and Taback, because the two 
references, either alone or in combination, fail to teach each and every limitation of 
the claim and provide no reasonable expectation of success. Claim 45 has been 
canceled without prejudice. Withdrawal of the rejections is thus respectfully 
requested. 

(4) Claims 52-53 are rejected as being unpatentable over Soengas in view 
of Taback, and further in view of Yu et al. (1999) Cancer 86:612-627 ("Yu"). 
Applicants respectfully traverse. 

Claims 52-53 depend from claim 44. As mentioned above, Soengas and 
Taback, either alone or in combination, cannot render claim 44 obvious. Yu cannot 
cure the defects of Soengas and Yu, and was not relied on by the Examiner for such. 
Instead, Taback was relied on by the Examiner for teaching RLM and ITM. 

Therefore, claim 44 is non-obvious over Soengas, Taback, and Yu, because the 
cited references, either alone or in combination, fail to teach each and every 
limitation of the claim and provide no reasonable expectation of success. So are 
claims 52-53 dependent from claim 44. Withdrawal of the rejections is thus 
respectfully requested. 

RESPONSE TO ADVISORY ACTION AND NOTICE OF NON-COMPLIANT 
AMENDMENT DATED MARCH 13. 2009 

(1) New issues and non-compliance 

The terra "melanoma" was inadvertently deleted from claim 44 and missing 
in the amendment to claim 46 in Applicants' 2/20/09 reply to the final Office Action 
dated November 20, 2008. Applicants have now added the terra to claims 44 and 
46. Applicants thus respectfully submit that the new issues and non-compliance 
have been overcome and should be withdrawn. 

(2) Claim objections 
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Applicants intended to delete the extra comma between "interferon" and 
"alpha-2b" in claims 35 and 58 in the 2/20/09 reply to the final Office Action dated 
November 20, 2008. However, a stroke-through comma was inadvertently included 
in the amendment to claim 36. The deletion of the extra comma in claims 35 and 58 
is now denoted by double brackets as suggested by the Examiner. Applicants have 
also deleted the stroke-through comma in claim 36. Applicants thus respectfully 
submit that the objections have been overcome and should be withdrawn. 

(3) Claim rejections 

With regard to Applicants* election of a combination of D12S1657, D12S393, 
D12S1706, and D12S346 in response to the Restriction Requirement, Applicants 
respectfully point out that, while the combination was elected for analysis, it was 
not elected for requiring all four markers to lose heterozygosity. The Examiner 
concurred with this interpretation in the Advisory Action dated April 30, 2009. 
Applicants thus respectfully submit that the rejections are improper and should be 
withdrawn. 

CONCLUSION 

In view of the foregoing, it is respectfully submitted that the application is in 
condition for allowance. Reexamination and reconsideration of the application, as 
amended, are requested. 

If for any reason the Examiner finds the application other than in condition 
for allowance, the Examiner is requested to call the undersigned at the Los Angeles, 
California telephone number (310) 785-4600 to discuss the steps necessary for 
placing the application in condition for allowance. 
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ABSTRACT 

Multiple DNA microsatellites with frequent loss of heterozygosity 
(LOH) in melanomas have been demonstrated. The finding that free DNA 
is enriched in blood of melanoma patients prompted studies to determine 
whether tumor-specific DNA, such as DNA microsatellites exhibiting 
LOH, can be detected in blood and have clinical use. In this study, 57 
advanced and 19 early clinically staged melanoma patients were assessed 
using 10 microsatellite markers on six chromosomes. Matched plasma and 
melanoma tissues from 40 patients showed significant concordance of 
LOH (P < 0.0001), The frequency of LOH microsatellite markers detected 
in plasma significantly increased In more advanced-staged patients. At 
locus D3S1293, LOH detection showed significant correlation to clinical 
disease progression (P = 0.02), Additionally, the combination of LOH 
microsatellite markers D9S157 and D3S1293 (P - 0.01), D9S157 and 
D1S228 (P = 0.05), and D11S925 and D3S1293 (P = 0.01) were signifi- 
cantly correlated to progression of different clinical stages of disease. 
These studies indicate that tumor-specific LOH markers in plasma have a 
potential clinical use as diagnostic and prognostic markers in melanoma 
patients. 



INTRODUCTION 

Recent advances in tumor genetics have revealed that genesis and 
progression of tumors follow an accumulation of multiple genetic 
alterations, including inactivation of tumor suppressor genes and/or 
activation of proto-oncogenes (I). Frequent LOH 3 of DNA microsat- 
ellites on specific chromosomal regions have been reported in various 
types of malignancies. The frequency of LOH in tumors, along with 
homozygous deletions at specific chromosome sites in tumor cells, 
suggests the involvement of putative tumor suppressor genes or on- 
coproteins related to tumori genes is and/or rumor progression. LOH 
analysis, combined with genetic linkage analysis on pedigrees of 
familial cancer (2-6) or homozygous deletion analysis (7-9), has 
identified candidate tumor suppressor genes. Allelic losses or micro- 
satellite alterations on specific chromosomes are the most common 
genetic alterations observed in a wide variety of malignancies (10- 
1 5). Recently, LOH analysts of tumor tissues has been shown to be of 
prognostic value (10, 14, 16). To date, however, microsatellite anal- 
ysis for LOH has been primarily carried out using labor intensive 
assessment of archival paraffin tumor sections. 

There is evidence that naked DNA is released, enriched, and 
remains stable in the biood of cancer patients (17-18). Recently, 
tumor-specific DNA has been detected in the plasma and serum of 
lung, head and neck, and colon cancer patients (19-23). This suggests 
that eel I- free plasma/scrum is a source for detecting cancer- specific 
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DNA markers. In the past, tumor-associated markers such as proteins/ 
glycoproteins have been used for diagnosis or prognosis of progres- 
sion in patients. However, the specificity of these assays is limited 
because the majority of these markers are not tumor-specific and are 
found in normal cells. To date, tumor-specific genetic markers have 
been assessed primarily in tumor biopsies. However, in advanced- 
staged patients, surgery is not always performed, which limits the 
availability of tumor tissue for genetic assessment. The detection of 
tumor-specific genetic markers in cancer patients at distant sites from 
the tumor, such as in the blood, provides a unique and valuable tumor 
genetic marker assay for diagnosis and prognosis. 

Melanoma can be a highly aggressive cancer that becomes very 
difficult to manage clinically when disease progression occurs. Pa- 
tients diagnosed with early-stage primary melanoma (AJCC stages 1 
and II) who undergo surgical treatment have a low incidence of 
disease recurrence and usually a positive prognosis (24-26). How- 
ever, when recurrence of disease occurs, it is often difficult to manage. 
There is considerable variability in the extent and type of disease 
progression in AJCC stage III and stage IV patients (25, 26). There- 
fore, the genetic analysis of recurrence and stages of disease spread 
may aid in improving prediction of disease progression and in deter- 
mining the most effective strategy for treatment. The stepwise bio- 
logical progression of melanomas from benign uevi to malignancy has 
been documented (27). However, the corresponding genetic analysis 
of individual stages of tumor progression is limited. The detection and 
understanding of genetic changes relating to melanoma progression is 
not well understood, particularly during disease progression from 
AJCC stage II to stage IV. 

In melanoma, deletions and mutations of several known tumor 
suppressor genes, such as TP 5 J and CDKN2, have been reported; 
however, they occur at a low frequency (28-30). The tumor suppres- 
sor gene CDKN2 at 9p2l encoding pl6 ink4 protein is associated with 
sporadic and familial melanoma (29-31). There are frequent homozy- 
gous deletions and LOH at the microsatellite loci 9p2l region in 
melanoma. However, the absence or mutation of CDKN2 has not been 
found frequently or well correlated with tumor progression. Addition- 
ally, there are other potential promising DNA markers (such as 
microsatellites) with frequent LOH on chromosome loci //?J6, 3p25, 
6q22-q26, I0q24-q26 % and Ifq23 that have been reported in melano- 
mas (13, 16, 32-35). 

In this study, we examined the plasma of 57 advanced and 19 early 
clinically-staged melanoma patients using a panel of 10 microsatellite 
markers representing six chromosomal regions. Of these patients, 40 
with matched tumor lesions available were assessed. The study dem- 
onstrated that multiple LOH markers can be detected in the plasma of 
melanoma patients and not in healthy donors. The study also demon- 
strated that melanomas release tumor-specific genetic markers in 
blood that highly correlate to the patients' respective melanoma 
lesion. There was a significant correlation between frequency and 
combinations of specific microsatellite markers with LOH to clinical 
disease progression. 
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DNA MICROSATELUTES IN PLASMA OF MELANOMA PATIENTS 



MATERIALS AND METHODS 

Specimens. Blood (5 ml) was collected in sodium citrate-containing tubes 
(Bccton Dickinson, Franklin Lakes. NJ) from a total of 76 patients diagnosed 
with melanoma at the John Wayne Cancer Clinic. Similarly, blood was drawn 
from 20 healthy donor volunteers. The plasma was immediately separated from 
blood cells by differential ecntrifugation ai 1000 x g for 15 min. filiercd 
through a 13-mm scrum filter (Fisher Scientific, Pittsburgh, PA) to remove any 
potential cells, and then cryopreserved at -30°C until DNA extraction. Blood 
was spoucd on FTA blood stain cards (Fitzco, Minneapolis. MN) for normal 
genomic DNA extraction, as well as long-term storage. Respective WBCs 
from individual patients were used as norma! DNA conirols. Cells were 
separated by differential centrifugation from RBCs using Purcgcnc RBC lysis 
solution (Centra Systems, Minneapolis, MN). The cell pellet was then washed 
with PBS. Corresponding tumor tissues were microdisscctcd from two to three 
10-/xm serial sections of formal in -fixed paraffin-embedded blocks, as previ- 
ously described (36). All microdissected tissue sections were identified his- 
topathology positive for malignant melanoma cells (28). 

DNA Isolation, Control lymphocyte DNA was isolated using DNAzol 
(Molecular Research Center Inc.. Cincinnah. OH). In brief, cell pellets were 
homogenized with 1 ml of DNAzol and precipitated by the addition of 0.5 ml 
of 100% ethanol. After centrifugation, precipitated DNA was then washed 
twice with 95% ethanol and resuspended in 10 mM Tris (pH 8)- 1 niM EDTA 
buffer. Plasma ( I ml) was diluted at 60% with a solution of 0.9 M NaCK 1% 
SDS. and proteinase K. The diluted plasma was shaken and incubated at 37°C 
overnight in the presence of an equal volume of phenol-chloroform isoamyl 
alcohol (25:24:1). After centrifugation for 15 min at 1000 x g, the aqueous 
phase was collected, extracted with an equal volume of phenol -chloroform 
isoamyl alcohol, and precipitated by isopropauol. Tumor lesions microdis- 
scctcd from 40 paraffin-embedded tissue blocks were incubated with xylenes 
at 37°C overnight (12). The pellet was recovered after centrifugation and 
washed lwicc wilh I ml of 1 00% ethanol. The remaining material was dried by 
vacuum centrifugation, incubated with proteinase K in lysis buffer (50 niM 
Tris-HCI. 1 mM EDTA, and 0.5% Tween 20) at 37°C overnight and then boiled 
at 95°C for 10 min in a heat block. 

Microsatellite Markers and PCR. Ten primer sets for PCR amplification 
of microsatcllitc markers were chosen on six chromosome arms. The following 
CA ln) -repeat microsatellite markers were used: D1S2I4 at Ip36.3; D1S228 at 
lp36; D3S1293 at 3p-3p24.2; D6S264 at 6q25.2-6q27; IGFIIR at 6q25-q27; 
D9S157 at 9p23-p22; D9SI6I at 9p21; DI0S212 at I0q26.12-I0q26.l3; 
D10S2I6 at I0q24-q26; and Dl IS925 at I Iq23.3- 1 Iq24. Primer sets for PCR 
were obtained from Research Genetics, Inc. (Huntsville, AL). and sense 
primers were labeled with a fluorescent FA M or Cy5 dye. Genomic DNA 
(~50 ng) was amplified by PCR in 25 m' reactions containing 1 x PCR buffer 
(6.7 niM Tris, 16.6 niM ammonium sulfate, 6.7 mM EDTA. and 10 mM 
0-mercaptoethanol). 6 pmol of each primer, 1 unit of Taq DNA polymerase. 
0.8 mM of each dNTP, and 1.5 niM MgCI 2 . Forty PCR cycles were performed, 
with each cycle consisiing of 30 s al 94°C, 30 s at 50-56°C. and 90 s at 72°C, 
followed by a final extension step of 72°C for 5 min. 

LOH Analysis. PCR product (5 /il) mixed with 2 p.) of loading dye (100% 
fonuamidc, 2 mM EDTA, and 2% dcxtranc blue) was incubated at 95°C for 1 5 
min. The concentrated samples were electrophorcscd on a 6% denaturing 
PAGE containing 7.7 M urea at 1600V for 2 h. The flu orescent- labeled PCR 
product images were scanned by a fluorescent/optical Gcnomyx SC scanner 
(Gcuomyx Corp.. Foster City, CA). After the image acquisition was com- 
pleted, image files were analyzed by Adobe Photoshop software (Adobe, San 
Jose, CA). Densitometry analysis was performed with the imaging software 
ClaritySC (Media Cybernetics. Silver Spring, MD). Intensity calculations and 
intensity comparison of lhe specific alleles in lymphocytes, plasma, and tumor 
DNA were performed to evaluate for LOH. Tumor and plasma were scored as 
exhibiting LOH if there was an abseucc or more than a 50% reduction in the 
intensity of one allele compared with the respective allele in the normal 
matched lymphocytes. 

Statistics. Correlation between patients' matched tumor and plasma sam- 
ples for individual microsatellite markers were assessed using the Kappa 
agreement test. Logistic regression was used to lest the association between the 
number of positive markers and AJCC Stage (37). Spearman correlation was 
estimated to evaluate the association between the number of positive markers. 



Brcslow's thickness, and Clark's level. The x* test was also used when data 
were cross-classified into a contingency table. 

RESULTS 

LOH Analysts in Plasma and Melanoma Biopsies. LOH was 

initially assessed at 10 different loci on six different chromosomes in 
paired rumor biopsies and plasma from 40 melanoma patients. DNA 
was extracted and detected from the plasma, tumor biopsies, and 
lymphocytes of all patients. The frequency of LOH varied between 
23% and 53% in rumor biopsies and 4% and 33% in plasma for 
individual microsatellite markers in informative cases. For informa- 
tive melanoma rumors (Table I; Fig. I), the most frequent microsat- 
ellite markers with LOH were detected at loci D6S264 % D9S16I. 
DI0S2I6, and DHS925, respectively. Additionally, in informative 
plasmas from melanoma patients (Table I; Fig. I), the most frequent 
microsatellite markers with LOH were detected at loci D10S2J6, 
D3SI293, D6S264, and DIS214. respectively. Microsatellite markers 
D6S264 and D10S2I6 were among those loci that frequently had LOH 
for both plasma and rumor. The least frequent microsatellite marker 
for LOH detection was IGF1IR, in both plasma and rumor. Represent- 
ative LOH in rumor and plasma as compared wilh lymphocyte DNA 
is shown in Fig. 2. LOH was not observed for any of the microsatellite 
markers tested on the lymphocytes and plasma DNA from 20 healthy 
donors. 

A summary of LOH in tumor and plasma from 40 melanoma 
patients using a panel of 10 microsatellite markers is shown in Table 
2. LOH for at least one microsatellite marker was shown in tumor 
samples of 34 of 40 (85%) patients and in plasma samples of 23 of 40 
(58%) patients. Overall, a significant correlation (P < 0.0001) be- 
tween LOH matched-paired plasma and tumor specimens of each 
individual microsatellite marker was shown. Twenty-one of 23 (91%) 
patients with LOH markers in plasma showed LOH in their respective 
rumors, when assessing all microsatellite markers. Two of these 
patients had LOH markers in plasma and not tumor. In 13 patients, 
LOH was observed in tumor and not plasma. In one interesting case, 
the plasma DNA showed LOH at D3SI293 but not at D9S/57, 
whereas the rumor sample of this patient showed LOH at both loci. 
These differences may be due to different metastases at various sites 
or clonal heterogeneity within the tumor, in which there are tumor cell 
colonies with or without specific microsatellite markers) LOH. 

Plasma LOH Correlation with Different Clinical Stages of Mel- 
anoma, Plasma was assessed from 76 melanoma patientxS with dif- 
ferent clinical stages (AJCC) of disease: 7 stage 1; 1 2 stage II; 30 stage 
HI; and 27 stage IV. The mean age of the patients was 51.6 ± 17.0 
SD. consisting of 28 females and 48 males. The mean Brcslow's 
thickness was 2.07 mm. The majority of the patients had a Clark's 
level of III or IV. In informative patient cases, a correlation between 
the frequency of plasma LOH and AJCC stage was performed (Table 
3). The frequency of LOH was higher in more advanced stages of 



Table I Microsatellite analysis of paired tumor and plasma DNA in melanoma 



patients 


Microsatellite 


Chromosome 


LOH in tumor/ 


LOH in plasma/ 


locus 


location 


informative cases 


informative cases 


01X214 


lp36.3 


9/24 (38%) 


5/25 (20%) 


DIS228 


Ip36 


8/24(33%) 


5/26 (19%) 


D3S1293 


3p25 


6/17(35%) 


6/2 \ (29%) 


D6S264 


6t|25.2-<j27 


8/15 (53% J 


4/15(27%) 


IGFUR 


6q26.q27 


5/22 (23%) 


1/25(4%) 


D9S157 


9p23p22 


1 1/28 (39%) 


3/30(10%) 


D9SI6I 


9p2l 


11/25 (44%) 


5/26(19%) 


D10S2I2 


10026.12-. 13 


6/15(40%) 


l/t 1 (9%) 


DI0S216 


IOo.24.q26 


5/12(42%) 


4/12(33%) 


OHS925 


Mq2JJ-24 


9/22 {41%) 


2/24 (8%) 
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01521- Q1SZK MS 1283 06894 *GRW O0S1S7 006101 Dt0S2l2 0106*11 OIlSWS 

MicrosatalMe [(CA)n repeat] Marker 

Fig. 1. Representative frequency of LOH in plasma and rumor of advanced melanoma 
patients at 10 microsatellite loci. Markers examined are indicated on the bottom of the 
figure. ■, frequency of LOH in tumor. E£J, frequency of LOH in plasma. 



D1S214 



D9S157 



Patient 12 Patient 2Bm Patients Patient 26 



D10S216 



N T P N T P 



Patient 7 Patient 11 



D11S925 

N T 

n t p 



-5—89 



Patient 11 Patient 40 



Fig. 2. Allelic losses in tumor and plasma at individual microsatellite loci. Analysis for 
patients- paired specimens: -V, lymphocytes; 7". melanoma; P, plasma. Airows, the position 
of the deleted alleles or LOH. Microsatellite markers are indicated below. 



disease: 5 of 19 (26%) patients with stages I and II had LOH, whereas 
33 of 57 (58%) patients with stages III and IV had LOH in at least one 
locus. One interesting finding was that in a stage 1 patient's plasma 
and primary tumor, LOH detected at loci D3S1293 and DI0S2J2 
showed a different pattern of allele loss in the tumor and plasma (Fig. 
3). The longer allele was deleted in both plasma and tumor for 
D3S/293, whereas for DI0S212, LOH was at the longer allele in the 
plasma and at the shorter allele in the tumor. The discrepancy may be 
due to the heterogeneity of the primary tumor or the presence of 
subclinical metastasis. Clinical follow-up for disease recurrence may 
help in determining the cause of these events. 

Statistical analyses were performed to determine whether the fre- 
quency of LOH in plasma correlated to clinical stage and known 
melanoma prognostic factors. Assessment of clinical correlation be- 
tween stage and individual microsatellite markers showing LOH in 
the patients' plasma was performed. Overall, there was a significant 
correlation between the number of LOH microsatellite markers de- 



tected within a patient's plasma and AJCC stage in the 76 patients 
(P = 0.02). Only at loci D3S1293 was there a significant correlation 
(P = 0.02) between LOH detection and clinical progression of dis- 
ease. The next closest correlation with an individual marker was at 
DIS228 (P = 0.065). In the correlation between the progression of 
different clinical stages of disease and microsatellite marker combi- 
nations showing LOH, the combinations of D9S157 and D3S1293 
(P = 0.01). D9SI57 and D1S228 (P = 0.05), and D11S925 and 
D3SI293 (P = 0.01) were the most significant. These correlations 
were independent of known prognostic factors for melanoma. The 
microsatellite marker with LOH combination of D1S228 and 
D3S1293 showed a trend toward significance (P = 0.07). 

We also compared LOH in plasma DNA with other clinicopatho- 
logical parameters and clinical status of disease (no evidence of 
disease or alive with disease) at the time of blood collection. There 
was no significant correlation between the frequency of LOH in 



Table 2 Microsatellite analysis and clinical status of melanoma patients 
Patient Tumor Plasma AJCC stage ai Clinical status Total follow- up Disease 



lmbcr 


LOH 


LOH 


blood draw 


at blood draw 


(month) 


progression 1 ' 


1 




~ ■ 




AWD 1 * 


3.4 


4- 


-> 






4 


NED 


10 


+ 


3 






4 


AWD 


14.3 


+ 


4 




+ 


4 


NED 


14.7 




5 


4- 


+ 


4 


NED 


14.9 




6 






4 


AWD 


14.5 


+ 


7 




+ 


4 


NED 


8.5 


+ 


8 






4 


NED 


11.4 


+ 


9 


4- 




3 


NED 


14.3 


+ 


10 




+ 


3 


NED 


13.8 




1 1 




+ 


3 


NED 


14.7 




12 




+ 


3 


NED 


12.7 




13 


-L 


+ 


4 


NED 


14.8 




14 




+ 


3 


NED 


12.9 


+ 


15 






3 


AWD 


14.2 




16 






3 


NED 


7.5 


+ 


17 






3 


NED 


14.5 




18 


+ 


+ 


3 


NED 


14.3 




19 






3 


NED 


14.8 


+ 


20 


+ 




4 


NED 


10.6 


+ 


21 


+ 


+ 


4 


AWD 


1.9 


+ 


22 






4 


AWD 


9.7 




23 






4 


AWD 


14.8 




24 






4 


AWD 


9.6 




25 






4 


NED 


13.6 


+ 


26 




+ 


3 


NED 


13.6 


+ 


27 




+ 


3 


NED 


14.1 




28 




+ 


3 


NED 


12.0 




29 




+ 


4 


AWD 


3.4 


+ 


30 






3 


NED 


13.9 




31 






4 


NED 


14.4 




32 




+ 


4 


AWD 


14.5 


+ 


33 




+ 


2 


NED 


14.9 


+ 


34 


T 


+ 


4 


NED 


10.7 


+ 


35 




+ 


4 


AWD 


14.2 




36 


+ 




4 


AWD 


15.8 


+ 


37 






4 


AWD 


6.8 


+ 


38 






3 


NED 


14.8 




39 




+ 


4 


NED 


4.5 


+ 


AO 






4 


AWD 


3.7 


+- 



" Disease progression. refers to cxpiralion. recurrence, increase in number of metastases 
or tumor size; yes and no (-). 

6 LOH was detected at least at one locus. 

'"LOH was not detected ai any loci. 

*' AWD. alive with disease; NED. no evidence of disease. 



Table 3 Correlation of LOH in patients ' plasma la AJCC stage 



AJCC slage 


LOH 


LOH- 


Total number of 
patient* 


1 


2 (29%) 


5 (71%) 


7 


1) 


3 (25%) 


9(75%) 


12 


III 


16(53%) 


14(47%) 


30 


IV 


17 (63%) 


10(37%) 


27 



" At least one locus detected has LOH. 
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Fig. 3. Different allelic pattern shown in a matched AJCC stage 1 patient's primary 
lumor lesion and plasma. Analysis of individual patient's DNA: .V, lymphocytes; /\ 
plasma: 7\ microdissected primary melanoma lesion. Arrows, the position of the allele 
bands. 



plasma or tumor, and standard prognostic factors such as Breslow's 
thickness or Clark's level. Patients were also assessed for correlation 
of LOW presence with recurrence or progression of disease (Table 2), 
and because the mean follow-up of patients is only about I year, the 
results cannot be appropriately evaluated. 

DISCUSSION 

The development of molecular markers is needed to improve diag- 
nosis and prognosis of disease and to assess tumor progression in 
melanoma patients. Better profiles of tumor genetic changes are 
needed to determine mechanics associated with disease progression. 
We and others have examined molecular markers such as melanoma- 
associated antigen mRNA markers in RT-PCR assays to detect mel- 
anoma cells in blood, lymph nodes, and various other organs (38, 39). 
These molecular markers have been shown to be very useful in 
detecting metastatic melanoma cells and disease progression. Al- 
though these RT-PCR-based markers have a high level of sensitivity, 
there are still some limitations, such as potential false positives and 
the expression of mRNA markers by normal cells. Other limitations in 
conducting RT-PCR analysis for large clinical studies are the high 
potential of RNA contamination and integrity of mRNA available. 
The mRNA expression level of a particular tumor can vary among 
tumor cells, which also reduces the sensitivity of the assay. However, 
from these studies, we have determined that multiple molecular mark- 
ers are needed in assessment of melanoma progression. This approach 
takes into consideration the heterogeneity of tumors and the dynamics 
of tumor genetic changes occurring during tumor progression. 

Analysis of DNA markers for somatic mutations of tumor suppres- 
sor genes and oncogenes and chromosome alterations are more spe- 
cific to minors and require less logistical stringency than mRNA 
analysis. The frequency of known tumor suppressor genes or onco- 
genes with mutations in melanoma is <25% individually, which 
makes them unsuitable as molecular markers for detection overall. 
DNA mutations of the K-Ras gene, previously reported (Y. F.) to be 
present in the plasma of patients with colorectal and pancreas cancer, 
has been correlated to clinical status (22). However, this molecular 
marker occurs quite frequently in these cancers, but not in melanoma. 
DNA cancer-cell specific markers do not have many of the problems 
associated with mRNA markers. In melanoma, loss of loci on specific 
chromosome arms is one of the most common genetic events occur- 
ring in these tumors. The correlation of LOH markers to clinical 
progression or prognosis has been shown in other cancers, but has not 

I 



been well described for melanoma. The assessment of a combination 
of microsatellite markers with high frequency of LOH as genetic 
markers in blood may be very useful for monitoring melanoma 
progression at different stages of disease. Blood is logistically prac- 
tical for the monitoring of multiple patients sampled at different time 
points during tumor progression. Traditional approaches using em- 
bedded tissue for analysis of LOH are not always practical and, as a 
result, there are major gaps of information missing on events during 
tumor progression. 

The panel of 10 microsatellite markers used in the study showed 
LOH with at least one marker in 85% of the melanoma tumors 
assessed. Twenty-three of 34 (68%) patients who showed LOH for at 
least one marker in tumor also showed LOH in plasma. These anal- 
yses of matched patients' plasma and tumor were highly statistically 
concordant for all microsatellite markers studied. The assay is very 
specific in that none of the normal samples tested showed LOH at any 
loci. The frequency and combinations of LOH at specific microsatel- 
lite loci can vary considerably among rumors with different histolog- 
ical origin. These results demonstrate that tumor-specific DNA is 
released frequently into the blood circulation and remains stable in 
melanoma patients. In contrast to mRNA, specific tumor-derived 
DNA is more stable in blood and is more resistant to rapid degrada- 
tion. Previous studies revealed that the serum of cancer patients 
contains approximately two to four times the amount of free DNA as 
that of normal donors (23, 40). Future studies will help determine the 
half-life of these microsatellite markers and whether specific markers 
stay longer in blood circulation (i.e., resistant to degradation). The 
remarkable finding is that the LOH of the individual microsatellite 
markers can be detected easily in the plasma. The mechanism of how 
DNA (LOH marker) is released into the blood circulation is unknown. 
This can be related to cell death and necrosis in tumors and/or 
destruction of tumor cells circulating in blood. A significant correla- 
tion was observed within individual patients who showed LOH in 
plasma and paired tumor microsatellite markers. This demonstrated 
the relative detection sensitivity from a single bleed. Studies on 
several bleed samples over several months from the same patient with 
LOH in plasma have shown consistency in presence of the marker. 

The frequency and the number of microsatellite markers with LOH 
in plasma significantly increased in more advanced clinical stages of 
disease. These findings support previous work on melanoma and other 
cancers that show that as tumors progress, the number of genetic 
changes accumulates. Only at loci D3SJ293 was LOH significantly 
correlated to disease progression. Located at this site are the tumor 
suppressor gene VHL (3p25-p26) and other genetic abnormalities that 
are frequently found in renal cell carcinomas (41). Interestingly, two 
of the most frequently and well studied microsatellite loci in mela- 
noma, 9p2l and 6q, did not correlate with disease progression indi- 
vidually, This may be due to the limited number of patients analyzed 
in the study. LOH of these two markers has been detected at early 
stages of melanoma development therefore, the loci alone may not be 
significantly correlated with later stages of rumor progression. Com- 
binations of specific LOH markers may be necessary for tumor 
progression to be successful. One of the major problems in interpre- 
tations of these analyses is that tumor progression clinicopathology at 
later stages is highly variable. A recent study on LOH of microsatellite 
marker at 6q of melanomas showed a correlation with poorer clinical 
outcome (16). The combinations of genetic changes are more likely to 
be correlative to disease progression. In our study. LOH at 9p com- 
bined with LOH at 3p or lp showed significant correlation. Assess- 
ment of LOH at 3p alone or in combination showed better correlation 
with disease progression than any other marker. 

This study illustrates the clinical se of microsatellite analysis in 
detecting tumor DNA in plasma of melanoma patients. The analysis of 
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LOH in plasma provides a logistically practical assay to monitor 
genetic changes during melanoma progression. The study demon- 
strates that at early clinical stages, release of DNA (LOH marker) is 
limited. Plasma LOU analysis may be more suitable to monitor stage 
II to stage IV progression before and during therapy as well as during 
posttreatment follow-up. The markers may be also useful to detect 
subclinical disease recurrence in disease-free patients. Tumor progres- 
sion is dynamic, and the genetic changes that concurrently occur are 
also ongoing. The most significant advantage of this approach in 
assessing plasma compared with direct analysis of tumor biopsies is 
the ability to monitor disease progression and genetic changes without 
assessing the rumor. This is particularly important during early phases 
of distant disease spread in which subclinical disease is undetectable 
by conventional imaging techniques. Additional retrospective and 
prospective analyses are being carried out to determine the prognostic 
significance of the DNA microsatellite markers during treatment and 
as overall predictors of disease outcome. 

ACKNOWLEDGMENTS 



20. 



22. 



Wc thank ihc clinical slaiTof John Wayne Cancer Institute clinic for blood 2 t>. 
procurement. 

REFERENCES 26 

1. Fearon, E. R., and Vogelstein, B. A genetic model for colorectal rumorigenesis. Cell, 
67. 759 -767, 1990. 

2. Friend, S. H., Bernards. R., Rogelj, S.. Weinberg. R. A., Rapaport, J. M„ Albert, 

D. M., and Dryja, T. P. A human DNA segment with properties of the gene that 
predisposes to retinoblastoma and osteosarcoma. Nature (Lond.), 323: 643-646, 
1986. 

3. Call, K. M.. Glascr, T., Ito, C. Y.. Buckler, A. J.. Pclletier. J., Haber, D. A.. Rose. 

E. A., Krai, A., Yeger, H., Lewis, W. H., et al. Isolation and characterization of a zinc 
ringer polypeptide gene at the human chromosome 1 1 Wilms' minor locus. Cell, 60: 
509-520. 1990. 

4. Kinzlcr, K., Nilbert, M. C, Su. L. K.. Vogelstein, B., Bryan, T. M., Levy, D. B. t 
Smith, K. J., Prvisinger, A. C, Hodge. P.. McKechnie, D., ctai. Identification of t'AP 
locus genes from chromosome 5q2 1 . Science (Washington DC), 2 53: 661-665, 1991. 

5. Rouleau, G. A., Mcrel. P., Lulchinan. M., Sanson, M„ Zncman, J., Marineau, C, 
Hoang-Xuan, K., Demczuk, S., Desmaze, C. Plougastel, B., ci al. Alteration in a new 
gene encoding a pmaiive membrane-organizing protein causes neuro- fibromatosis 
type 2. Nature (Lond.), 363: 515 521, 1993. 

ft. Lalif, F., Tory. K.. Gnatra, J.. Yao, M., Duh, F. M.. Orcutt. M. I... Stackhouse. T., 
Kuzinin, I., Modi, W.. Ceil, l,..<7 al. Identification of the von Hippol-Lindau disease 
tumor suppressor gene. Science (Washington DC), 260: 1317-1320, 1993. 

7. Kump. A.. Gruis, N. A., Weaver- Feldhaus, J.. Liu, Q., Harshinan. K.. Tavitgian. S. V.. 
Siocken, E., Day, R. S.. 3' 4 . Johnson, B. E., and Skolnick, M. H. A cell cycle 
regulator potentially involved in genesis of many tumor types. Science (Washington 
DC). 264: 436-440. 1994. 

8. Sleek, P. A., Pershousc, M. A.. Jasser. S. A., Yung, W. K., Lin, H., Ligon, A. H., 
I.angford, L. A., Baumgard, M. I... Hattier, T., Davis. T., Frye, C, Hu, R., Swedlund, 
fL. Teng, D. H.. and Tavitgian, S. V. Identification of a candidate tumor suppressor 
gene, MM ACL at chromosome I0q23.3 that is mutated in multiple advanced cancers. 
Nat. Genet., 15: 356-362, 1997. 

9. Hahn, S. A„ Schutte. M., Hoque. A. T., Moskaluk, C. A., da Costa, L. T.. Rozenblum, 
E., Weinstein, C. I... Fischer, A., Yeo, C. J., Hruban, R. H., and Kem. S. E. DPC4, 
a candidate rumor suppressor gene al human chromosome I8q2l.l. Science (Wash- 
ington DC), 271: 350-353, 1996. 

10. Ilarada, Y.. Katagiri, T., Ito. I.. Akiyaina, F., Sakamoto, G., Kasumi, F., Nakamura. 
Y., and Emi. M. Genetic studies of 457 breast cancers. Clinicopathologic parameters 
compared with genetic alternation. Cancer (Phila). 74: 2281- 2286, 1994. 

1 1. Mao, L., Schoenberg, M. P.. Scichitano, M., Erozan, Y. S., Merlo, A.. Schwab. D., 
and Sidvansky, D. Molecular detection of primary bladder cancer by microsatellite 
analysis. Science (Washington DC), 271: 659-662, 1996. 

12. Kuroki, T., Fujiwara, Y., Tscuchiya, E., Nakamori, S., Imaoka, S., Kanematsu, T.. and 
Nakamura. Y. Accumulation of genetic changes during development and progression 
of hepatocellular carcinoma. Genes Chromosomes Cancer, 13: 163-167, 1995. 

13. Hcaly, E., Rehman, I.. Angus. B., and Rees, L. Loss of heterozygosity in sporadic 
primary cuuineous melanoma. Genes Chromosomes Cancer, 12: 152-156, 1995. 

14. Jen, J., Kim, H., Piantadosi, S., Liu, Z. F.. Levitt, R. C, Sistonen, P., Kinzler, K. W., 
Vogelstein, B., and Hamilton, S. R. Allelic loss of chromosome I8q and prognosis in 
colorectal cancer. N. Engl. J. Med., 331: 213-221, 1994. 

15. Mao, L„ Lee. D. J., Tocktnan. M. S., Erozan, Y. S.. Askirt, F., and Sidransky, D. 
Microsatellite alternations as clonal markers for the detection of human cancer. Proc. 
Natl. Acad. Sci. USA, 91: 9871-9875, 1994. 4i 

16. Healy, E., Bclgaid, C, Takata, M., Harrison, D„ Zhu. N. W.. Burd, D. A., Rtgby, 
H. S., Matthews, J. N., and Rees, J. L. Prognostic significant of allelic losses in 
primary melanoma. Oncogene. 16: 2213-2218. 1 998. 

1571 



28, 



29. 



30. 



32. 



34. 



Stroun, M., Anker, P.. Lyautey, J.. Lederrey, C. and Maurice, P. A. Isolation and 
characterization of DNA from the plasma of cancer patients. Eur. J. Cancer Clin. 
Oncol., 23: 707-712, 1987. 

Stroun, M., Anker, P.. Maurice, P., Lyautey, J., Lederrey, C, and Bcljanski, M. 
Neoplastic characteristics of the DNA found in the plasma of cancer patients. 
Oncology, 46: 318-322, 1989. 

Chen, X. Q., Stroun. M., Magncnat, J. L., Nicod, L. P., Kurt, A. M., Lyautey, J., 
Lederrey, C, and Anker, P. Microsatellite alterations in plasma DNA of small cell 
lung cancer patients. Nat. Med. 2: 1033-1035, 1996. 

Nawroz, H.. Koch, W., Anker, P.. S'troun, M„ and Sidransky. D. Microsatellite 
alterations in serum DNA of head and neck cancer patients. Nat. Med., 2: 1035-1037, 
1996. 

Anker. P., Lcfort, F., Vasioukhin, V., Lyautey. J., LedcrTcy, C, Chen, X. Q.. Stroun, 
M., Mulcahy, H. E., and Farthing, M. J. K-ras imitations are found in DNA extraction 
frum the plasma of patients with colorectal cancer. Gastroenterology, 112: 1 114- 
1 120. 1997. 

Yamada, T„ Nakainori, S., Ohzato, H., Oshinia, S.. Aoki. T., Higaki, N., Sugiinoio. 
K., Akagi, K. p Fujiwara, Y.. Nishisho, I., Sakon. M., Gotoh, M., and fvionden, M. 
Detection of K-ras gene mutations in plasma DNA of patients with pancreatic 
adenocarcinoma: correlation with clinicopathological features. Clin. Cancer Res., 4. 
1527-1532. 1998. 

Leon, S. A., Shapiro, D. M„ SklarofY, D. M.. and Yaros, M. J. Free DNA in the scrum 
of cancer patients and the etTeci of therapy. Cancer Res., 37: 646-650, 1977. 
Morton, D. L., Wong, J. H., Kirkwood, J. M., and Parker, R. G. Malignant melanoma. 
In: J. F. Holland, E. Frei, R. C. Bast, Jr., D. Kufc, D. L. Morton, and R. R. 
Weichselbaum (eds.), Cancer Medicine, pp. 1 793-1 824. Philadelphia: Lea and Fe- 
bigcr, 1993. 

Batch, C. M., Soong. S-J.. Shaw. H. M.. Urist, M. M., and McCarthy. W. H. An 
analysts of prognostic factors in 8500 patients with cutaneous melanoma, in: C. M. 
Batch, A. N. Houghton, G. W. Milton. A. S. Sober, and S-J. Soong (eds.). Cutaneous 
Melanoma, pp. 1 65- 187. Philadelphia: J. B. Lippincott, 1992. 
Buzaid, A. C. Ross, M. I.. Batch, C. ML Soong, S., McCarthy. W. H-, Tinoco. I.., 
Mansfield, P., Lee, J. E., Bedikian, A., Eton. O., Plager, C, Papadopoulos, N., Lcgha, 
S, S., and Benjamin, R. S. Critical analysis of the current American Joint Committee 
on Cancer staging system for cutaneous melanoma and proposal of a new staging 
system. J Clin. Oncol., 15: 1039-1051, 1997. 

Bamhilt. R. L., and Mihin, M. C. Histopathology of malignant melanoma and its 
precursor lesions. In: C. M. Balch, A. N. Houghton, G. W. Milton, A. S. Sober, and 
S-J. Soong (eds.). Cutaneous Melanoma, pp. 234-263. Philadelphia: J. B. Lippincott, 
1992. 

Essncr, R., Kuo, C. T., Wang, H., Wen, D. R., Turner, R. R., Nguyen, T., and Hoon, 
D. S. B. Prognostic implication of p53 overexprcssion in cutaneous melanoma from 
sun-exposed and nonexpressed sites. Cancer (Phila.), 82: 309 -316. 1998. 
Holland, E. A., Beaton, S. C, Edwards, B. G., Kefford, R. F., and Mann, G. J. Loss 
of heterozygosity and homozygosity deletions on 9p2l-p22 in melanoma. Oncogene, 
9: 1361-1365. 1994. 

Hussussian. C. J., Struewing. J. P., Goldstein. A. M., Higgins, P. A., Ally, D. S., 
Sheahan, M. D., Clark, W. H., Jr., Tucker, M. A., and Dracopoli. N. C. Germline pi 6 
mutations in familial melanoma. Nat. Genet., S: 15-21. 1994. 
Nobori, T., Miura, K., Wu. D., Louis. A., Takabayashi, K., and Carson, D. Deletions 
of the cyclin-dcpcndcnt kin3se-4 inhibitor gene in multiple human cancers. Nature 
(Lond.), 36$: 753-756, 1994. 

Dracopoli, N. C, Harnett, P., Bale, S. J., Stanger, B. Z., Tucker, M. A., Housman, 
D. E., and Kefford, R. F. Loss of alleles from the distal short arm of chromosome I 
occurs late in melanoma tumor progression. Proc. Natl. Acad. Sci. USA, H6: 4614- 
4618. 1989. 

Mitlikin. D., Mccse. E., Vogelstein, B., Witkowski, C, and Trent, J. Loss of 
heterozygosity for loci on the long arm of chromosome 6 in human malignant 
melanoma. Cancer Res., 51: 5449-5453, 1991. 

Herbst, R. A., Weiss, J., Ehnis, A., Cavcnee, W. K., and Arden, K. C. Loss of 
heterozygosity for I0q22-qter in malignant melanoma progression. Cancer Res.. 54: 
3111-31 14, 1994. 

Herbst, R. A., Larson, A., Weiss, J.. Cavenee, W. K., Hampton, G. M., and Arden. 
K. C. A defined region of loss of heterozygosity ai I Iq23 in cutaneous malignant 
melanoma. Cancer Res., 55: 2494-2496, 1995. 

Fujiwara; Y.. Emi, M., Ohata, H., Kato. Y., Nakajima, T., Mori, T., and Nakamura. 
Y. Evidence for the presence of two tunx>r suppressor genes on chromosome 8p for 
colorectal carcinoma. Cancer Res., 53: 1 172-1 174, 1993. 

Fleiss, J. L. Statistical Methods for Rates and Proportions, Chapter 13, Measurement 
of inter-rate agreement, pp. 212-236. New York: John Wiley and Sons, 1981. 
Hoon, D. S. B., Wang, Y.. Dale, P. S., Conrad. A. J., Schmid, P., Gamson, D. t Kuo, 
C. Foshag, L. J., Nizze, A. J., and Morton, D. L. Detection of occult melanoma cells 
in blood with a multiple- marker polymerase chain reaction assay. J. Clin. Oncol., 13: 
2109-2116, 1995. 

Saninlou, T., Chi, D. D„ Garrison, D, A., Conrad, A. J., Schmid, P., Morton. D. L.. 
and Hoon. D. S. B. Melanoma- associated antigens as messenger RNA detection 
markers for melanoma. Cancer Res., 57: 1371-1376, 1997. 

Shapiro, D., Chakrabarty. M., Cohn, E. M., and l^on, S. A. Determination of 
circulating DNA levels in patients with benign or malignant gastrointestinal disease. 
Cancer (Phila.). 51: 21 16-2120. 1983. 

van den Berg, A.. Dijkhuizcn, T., Draaijers, T. G.. Hulsbeek, M. M., Maher. E. R., 
van den Berg, E., Storkel. S.. and Buys, C. H. Analysis of multiple renal cell 
adenomas and carcinomas suggests allelic loss at 3p2l to be a prerequisite for 
malignant development. Genes Chromosomes Cancer. 19: 228 -232, 1997. 



Exhibit B 



s 




1 



2 tC^ 

*3 C C 

-= o >, 

S « 3 

53 JE « 

8 J 3 

1 1 s 

c e .2 

'pi 

si 3 



* -2 ~ £c £ 
* * e is M 

o v jj ^ <jj 



- 1 

to e 



15 3 8 s "£ tn 

x "5 t3 c if 

5 g 5 & <u ^ 

_ £ «J C .6 

- 2 f'iD 



f£t r- C 



I S 1 « s 

ft * E | .2 



§ *.21 8 



"O S ? 

c 5 -5 

> e 

^ *3 

p s -a 



£ 5 "V 

S 5 3 

' S C 

2 ^ T 

— 5 

«. — 3 



9 1 S S p 
3 c 2 J 

o g « |_a 




3 i 525 

>. 2. " 2P |J 
1 I o o tew Su 

e 1 2 e c I 

■Mil H 



c 

"5! 



2! 



.2 § £ s ^ c 

123 §fcl c » 



ii * 
S 3 

1= ei 




